We present the results of the study of the contact binary system BO CVn. We have obtained physical parameters of the components based on combined analysis of new, multi-color light curves and spectroscopic mass ratio. This is the first time the latter has been determined for this object. We derived the contact configuration for the system with a very high filling factor of about 88 percent. We were able to reproduce the observed light curve, namely the flat bottom of the secondary minimum, only if a third light has been added into the list of free parameters. The resulting third light contribution is significant, about 20-24 percent, while the absolute parameters of components are: M 1 =1.16, M 2 =0.39, R 1 =1.62 and R 2 =1.00 (in solar units).
Introduction
The light variability of BO CVn (9.9 mag) was first discovered by Oja (1989) , who published the first U, B and V light curves of the system with an initial period of 0.517460 days and also classified BO CVn as a W UMa type eclipsing variable. With the help of the Hydrogen (H γ and H δ ) and CaII K lines, taken using the objective prism plates, Oja (1989) determined the spectral type of the system as F0.
The first light curve and period analysis of the system were performed by Albayrak et al. (2001) , using the normal points derived from the B and V light curves of the system obtained with a SSP-5A photometer attached to the 30 cm Maksutov telescope at the Ankara University Observatory. They used the revised version of the Wilson-Devinney code (Wilson & Devinney, 1971) for the study. Due to the lack of spectroscopically determined mass ratio, Albayrak et al. (2001) performed a so-called q search and determined the best value of the mass ratio as q = 0.205. As the results they showed that BO CVn is in the contact configuration with a filling factor of f = 0.18 and a temperature difference of ∆T = 90 K. From the period (O-C) analysis, assuming that the period change is due to mass transfer, they determined the period increase of 0.037 s/yr, that under the conservative case, corresponds to mass transfer rate of 1.57 x 10 −10 M ⊙ /yr (matter being transferred from the less massive to the more massive component).
Another light curve and period analysis of BO CVn were carried out by Qian & Zhu (2006) . Using the B, V and R light curves obtained with PI1024 TKB CCD attached to the 1.0 m reflecting telescope at the Yunnan Observatory of China, they analyzed their original data points with the 2003 version of the Wilson-Devinney code. Similarly to the procedure done by Albayrak et al. (2001) , Qian & Zhu (2006) obtained a solution for the photometric mass ratio q = 0.204, very close indeed to that obtained by Albayrak et al. (2001) . They also determined the value of M 1 as 1.70 ± 0.21 M ⊙ , using the statistical relation between M 1 and q for hotter contact binaries and estimated the value of M 2 as 0.35 M ⊙ .
In this study, Johnson V, R and Strömgren v, b, y light curves were analyzed making use of the system spectroscopic mass ratio value, determined for the first time, in order to obtain accurate absolute parameters of the components of the BO CVn eclipsing binary. In addition, an up-to-date analysis of the system period behavior was performed. 
Observations and Data Reduction
2.1. Photometry BO CVn was observed photometrically with the aim to obtain as accurate as possible, multicolor light curve. The observations in the Strömgren v and b filters have been gathered at Mt. Suhora Observatory of the Pedagogical University using the 60 cm telescope and an Apogee Alta U47 CCD, mounted at the primary focus of the telescope. The 50 cm telescope at the Astronomical Observatory of the Jagiellonian University in Krakow, Poland, equipped with an Andor DZ 936-BV CCD, installed at the Cassegrain focus, was used to take additional data in the Strömgren y and wide band V and R (Bessell) filters. We used the same comparison star (GSC 3030 1129, 8.5 mag, K0) 
The data in V and R filters taken at different nights were combined smoothly. However, those gathered in the Strömgren filters showed a small but noticeable shift for one night (March 27/28, 2011) . To make them fit, we have moved the outlying night points by the values calculated from the overlapping part of the light curve. The final light curve consists of 1633, 1624, 1616, 933 and 994 individual points in v, b, y, V and R filters, respectively. The new multicolor light curve shows no or negligible difference in the maxima heights and the flat-bottom secondary minimum is clearly visible.
Spectroscopy
During three nights in 2008, four in 2009, and two in 2011 (all in April), a total of 10 spectra (at 10Å/mm reciprocal dispersion, resolving power = 10,000) were taken by R.H. Nelson at the Dominion Astrophysical Observatory (DAO) in Victoria, British Columbia, Canada; then the Rucinski's broadening functions (Rucinski, 2004) were used to obtain radial velocity (RV) curves (see Nelson et al. 2006 and Nelson 2010b for details). The spectral range was approximately 5000-5260Å. A log of the DAO observations and RV results are presented in Table 1 , while two spectra taken at phases: 0.30 and 0.73 and broadening functions at these phases are shown in Fig.  1 . The fit of the sinusoidal curves gave the following orbital parameters: V γ =15.4±1.8, K 1 =72.5±2.3 and K 1 =233.6±3.0 km/s. The spectroscopic mass ratio value q spec =0.31±0.01 (M 2 /M 1 ) is significantly higher than that derived by Albayrak et al. (2001) and Qian & Zhu (2006) from the light curve modelling alone. This is not surprising, as Terrell & Wilson (2005) showed numerically that the photometric mass ratio is unreliable for contact binaries exhibiting partial eclipses.
The Light Curve Modeling
All previous BO CVn light curves modelling gave a contact configuration. However, without knowing the spectroscopic mass ratio value, any attempt to derive the parameters of components may lead to spurious values. This situation has improved with the q spec mass ratio determined and we performed the analysis of the new, multicolor light curve. In order to speed up computations mean points in each filter have been calculated: 141 in v and b filters, 139, 134 and 136 in the y, V and R filters, respectively. Furthermore, the magnitudes of the mean points have been recalculated to the flux units and normalized to unity at the first maximum.
We used the Wilson-Devinney code (Wilson 1979 (Wilson , 1993 , appended with the Monte Carlo search method. This code has been already applied to solve light curves of dozens of systems (see Zola et al. 2010 and references therein). Instead of the original differential correction method it deploys the Monte Carlo as the search algorithm, greatly improving the chances of finding the global solution in the searched range of parameters. It does not require to assume any initial system configuration -it is found as the result of computations. To avoid the problem of arbitrary assumed weights to a few radial velocities measurements and photometric data (a thousand or more) we decided to perform the computations in an iterative way. The photometric light curve has been solved separately, then, after solution has converged, the results from this step serve for the mass ratio determination using the original W-D code and the radial velocity measurements. Only parameters relevant to the orbit are adjusted in this step. The recomputed mass ratio value is used for another run, when the best solution of the photometric light curve is found and such a procedure was repeated until the q corrections become smaller than the mass ratio error. Several parameters have been fixed or calculated in our modelling: the temperature of the primary component was set according to its F0 spectral type at 6980 K (Harmanec, 1988) , the values for albedo and gravity darkening coefficients have been chosen at their theoretical values while the darkening coefficients adopted from the Díaz-Cordovés et al. (1995) tables as functions of the temperature and wavelength. Furthermore, we adopted the values for albedo and gravity darkening to agree with theoretical values: 0.50 and 0.32, respectively, appropriate for a convective stellar envelope. The following parameters have been adjusted: inclination (70-90 degrees), temperature of the secondary (6000-7500 K), components potentials (2-3.8) and luminosity of the primary (4-13.5). The ranges of fitted parameters have been listed in the parentheses. Table 2 : Results derived from the light curve modelling. The adjusted parameters are: inclination (i), temperature of the secondary component (T 2 ), potentials (Ω), the primary component luminosity (L 1 ) and third light (l 3 ). Given uncertainties are those derived from the fit at the 90% confidence level. The temperature of the primary (T 1 ) and the system mass ratio (q corr ) have been kept fixed at this step. With the IPB control parameter set to 0, luminosity of the secondary (L 2 ) was calculated by the W-D code.
parameter value filling factor 88 % phase shift 0.0002±0.0001
0.2035 ±0.0021
*-not adjusted, **-computed The spectroscopic mass ratio value has been estimated from the spectroscopic observations to be q spec =0.31 and this value was kept fixed in the first run. During subsequent runs this value has been modified to q corr =0.34 and further correction have been smaller than the estimated error of the fit. The modified mass ratio value being the result of subsequent fits to the RV curves using the W-D code (only orbital parameters have been adjusted) is of somewhat higher value than q spec but the recomputed q accounts for proximity effects. It soon turned out that for the spectroscopic mass ratio value it was not possible to derive a model showing the flat bottom secondary minimum. We were able to get a good description of the observed light curve only if another free parameter is added -the third light (l 3 ). Only then did the model fit the flat bottom shape of the secondary minimum.
The final results are presented in Tab. 2 and the theoretical light curve along with the observed one is shown in Fig. 2 . In Fig. 3 the theoretical radial velocities (lines) along with measured ones (squares) are shown. As it can be seen, the model without a third light (thin lines) gives a very poor fit in both minima. When a third light parameter has been adjusted, a much better fit was obtained (thick lines) and the shape of the secondary minimum resembles that observed. In Fig. 3 
The orbital period variation
The O-C analysis of BO CVn was performed in order to investigate the orbital period variation behavior of the system. All available minima times, which cover 24 years (between 1987 and 2011) , were used during the analysis and listed in Table 3 together with the minimum time obtained in this study.
All the previous O-C analysis of the contact binary BO CVn (see Section 1) indicated a period increase of the system. Therefore, as the first attempt, we tried to determine the best fit to this secular variation using an IDL 1 routine, relying on the Levenberg-Marquardt algorithm. The resulting quadratic light elements (including the errors) are given below:
The O-C diagram with the model are shown in Fig. 4 , including the residuals from the fit. As it can be seen from Fig. 4 , the residuals from the quadratic fit show no any short-period cyclic variation that can be attributed to either the Light-Time Effect or some magnetic activity of the system. However, the possibility for long-term variation due to a light time effect remains a possibility.
The parameters derived from the O-C analysis, with the help of the absolute dimensions (masses of both components) determined from the photometric analysis are given in Table 4 .
Results and Discussion
We gathered new, accurate, multicolor light curves of the eclipsing binary system BO CVn. Ten spectra taken around the quadratures make it possible to derive the spectroscopic mass ratio of the system for the first time.
We made light curve modelling of the new light curves with the W-D code and making use of the spectroscopic mass ratio. It turned out that it was not possible to obtain a good fit without an additional free parameter: the third light. Only when the third light was allowed to be adjusted, we could Oja (1989 ), 2. Hübscher et al. (1993 ), 3. Hübscher et al. (1991 ), 4. Albayrak et al. (2000 ), 5. Hübscher et al. (1992 ), 6. Hübscher et al. (1994 ), 7. Agerer & Hübscher (1996 ), 8. Agerer & Hübscher (1999 ), 9. Agerer & Hübscher (2000 , 10. Agerer & Hübscher (2001 ), 11. Albayrak et al. (2002 ), 12. Müyesseroglu et al. (2003 ), 13. Selam et al. (2003 ), 14. Brát et al. (2007 ), 15. Nagai (2005 , 16. Qian & Zhu (2006 ), 17. Hübscher et al. (2005 , 18. Albayrak et al. (2005 ), 19. Nelson (2008 ), 20. Nagai (2009 ), 21. Brát et al. (2008 ), 22. Nelson (2009 ), 23. Yılmaz et al. (2009 ), 24. Brát et al. (2009 ), 25. Nelson (2010a ), 26. Hübscher & Monninger (2011 , 27. This study achieve the observed shape of the secondary minimum. The theoretical light curves fit observations reasonably well, with very small departures at the beginning of the descending branch of the secondary and primary minima. As mentioned in Section 2.1, we found a problem in combining the data from a single night, covering these phases. Therefore, we can only speculate that despite of all our attempts, not all atmospheric effects have been reduced. There could be also another reason for this asymmetry in the light curve: some magnetic activity resulting in spot(s) appearing on the surface of one or both stars. Large, cool polar spots have been reported on the surface of 31 Com despite its thin convective layer (Strassmeier et al., 2010) . Our light curve modelling results indicate that BO CVn is a deep contact system with a very high filling factor of 88 percent. A view of the system configuration is shown in Fig. 5 . The secondary, a smaller star, is about 200 K hotter than the primary one. We derived a high system inclination, close to 90 degrees. The contribution of the third light is significant, reaching about 24 percent in the Strömgren v filter.
Spectra exposure times compared to the orbital period were long and that must cause the phase smearing that reduces the amplitude of the measured radial velocity variations. We recomputed the amplitudes accounting for this effect and derived the following values: K 1 =74.9±2.6 and K 2 =241.8±2.6 km/s. Combining the results from spectroscopy and those derived from light curve modelling, we calculated the absolute system parameters, listed in Table 5 . While parameters of the primary place it at or near the Main Sequence, the secondary is much oversized for its mass. The errors of parameters are given for the 90% confidence level while radius is that in the side direction. It is worth noting here that our values of physical parameters, which are based on the spectroscopic observations and those derived by Qian & Zhu (2006) based on the "photometric" mass ratio, differ significantly. As mentioned in Sect. 2.2 an application of the "q-search" to solve the light curves of partial eclipsed, contact binaries most likely will result in unreliable results. Since the O'Connell effect is not clearly visible, we decided to present a no-spot solution as the final one. However, if indeed a spot presence is responsible for the small discrepancy between the theoretical and observed light curves, we eventually checked how this would influence the physical parameters and their uncertainties. To do this, we made two additional computations but including a cool spot either on the primary or on the secondary and searching the entire surfaces for its location. It turned out that the results did not change much when we assumed the spot to be on the surface of the secondary star. However, the solution with a cool spot placed on the primary component resulted in the temperature of the secondary component being about 300 K smaller than that of the primary, while other parameters being similar to these obtained in the non-spotted solution. As expected, the theoretical light curves of spotted solutions fit observed ones better, as the number of free parameters was larger.
We analyzed the O-C diagram of BO CVn based on the literature data appended with a new time of primary minimum determined from our observations. Although we found the period was not constant, we found no short-period behavior that would provide support for a companion to the binary system. Thus third light may or may not represent a star gravitationally bound to the binary system. The O-C diagram shows an upward parabola that could be a result of period increase. This could be interpreted as mass transfer between the components, in a conservative case such a period increase would correspond to 6.3×10 −8 M ⊙ /year. However, if the third star orbits the binary system in a very wide orbit, this might also be a part of a cyclic behavior due to the light travel effect.
We conclude that in several aspects, BO CVn is very similar to UZ Leo (Zola et al., 2010) -both systems have similar spectral types, mass ratios and high filling factors. Also for both, a considerable third light was found and their O-C diagrams (upward parabolas) indicate periods increase, therefore excluding mass loss from the system.
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